Introduction: Influenza vaccine hesitancy is a global barrier to controlling seasonal influenza. Influenza vaccination rates in university students lag behind current goals and pose a significant threat to the health of students on campuses. A broader understanding of the knowledge, attitudes and beliefs of university students are needed to develop targeted interventions to increase vaccination. Methods: An anonymous cross-sectional survey was developed and distributed via REDCap to graduate and undergraduate students via individual college listservs at a large public university. Survey questions included demographic information and questions about vaccination history, preference for vaccine type (inactivated vaccine (IIV) or live attenuated vaccine (LAIV), knowledge of influenza vaccines, reasons for accepting or refusing vaccine and preference for receiving vaccine information and education. Results: Students in 14 colleges received the survey and 1039 respondents were included in analysis. Sixty two percent reported having been vaccinated for influenza and of those vaccinated most were in health-related fields that require vaccination. Graduate and vaccinated students were more knowledgeable about influenza; undergraduates had lower vaccination rates. Students preferred IIV over LAIV and were more knowledgeable about IIV. Those with history of vaccination during childhood had higher rates of vaccination. Twenty six percent overall and 41.6% of the unvaccinated still believed you could get the flu from the flu vaccine. Fear of needles and inconvenience were cited as major reasons for not getting vaccinated. Incentives were cited as important motivators by only 20%. Students preferred to receive vaccine information from medical providers followed by online information and campus events. Conclusions: A multipronged approach to increasing influenza vaccination of university students will be needed. Myths about influenza vaccine persist even in a relatively educated population. Programs will need to target undergraduate and students in non health-related fields, offer vaccine choices -IIV and LAIV and promote vaccination through medical providers and online information.
Introduction
Despite influenza's severity and the availability of safe vaccines, low influenza vaccination rates remain an international challenge and contribute to the burden of disease [1, 2] . Importantly, influenza vaccine coverage in university students lags behind other ages and remains well below the Healthy People 2020 goal of eighty percent [3] . Reported vaccination rates have ranged from 9-30% and annual influenza virus outbreaks cause serious and potentially fatal disease across college campuses [4, 5, 6] . Influenza can spread easily on campuses due to crowded living quarters and frequent social activities, negatively affecting students' academic performance, class attendance and increasing health care utilization and prescription drug use [4] . College students interact with community members through their jobs, gym attendance and social events and therefore can be a source of community outbreaks and spread. In addition, travel during semester breaks increases transmission to vulnerable family members such as the elderly, very young and immunocompromised [7] .
The reasons for university students' influenza vaccine hesitancy are largely unknown and it is not known if their preferences for influenza vaccine typeinactivated vaccine (IIV) or live-attenuated vaccine (LAIV) may likewise influence immunization rates. Importantly, differences between undergraduate and graduate students as to vaccine perceptions and uptake have not been established. Documented barriers include vaccine accessibility, perceived lack of need for vaccination and lack of motivation to get vaccinated [7, 8, 9, 10, 11] . Convenience and incentives may also affect vaccine uptake [9] . Additionally, individual knowledge impacts vaccination. For example, a study at a large public university showed that when unvaccinated students learned how influenza vaccination protected young healthy people, most cited increased willingness to get vaccinated [8] . Likewise, a study of adults showed that those not knowledgeable about herd immunity were significantly less likely to report plans for vaccination [12] .
In the United States, annual vaccination against seasonal influenza is recommended for all persons aged !6 months [13] . IIV is approved for use in individuals over 6 months of age and LAIV has been approved for use in healthy individuals 2-49 years of age since 2007 [14, 15] . Both IIV and LAIV vaccine effectiveness vary from year to year depending upon vaccine composition and match to circulating strains. Traditionally, university-based influenza vaccination programs have offered mainly or exclusively IIV. Offering a choice in vaccine could lead to higher vaccination rates, beginning with an understanding of the knowledge of LAIV and student preferences for receiving LAIV or IIV. The use of IIV or LAIV has been shown to increase vaccination rates especially in school-located vaccination programs . [16, 17] and influenza vaccination in primary schools has been shown to decrease absenteeism [17, 18] . Larger scale immunization programs at universities offering a choice in vaccine, might also increase vaccination rates. Overcoming vaccine hesitancy in university students requires an understanding of the drivers and barriers to vaccine acceptance and preferences. This study aims to start the complex and multipronged approach to understanding how to tailor vaccine programming to specific college-aged groups.
Methods
We developed a cross-sectional survey and study data were collected and managed using REDcap electronic data capture tools hosted at the University of Florida (UF) [19] . REDCap (Research Electronic Data Capture) is a secure web-based application designed to support data capture for research studies, providing 1) an intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and export procedures; 3) automated export procedures for seamless data downloads to common statistical packages; and 4) procedures for importing data from external sources. The University of Florida is a public university comprised of 16 colleges which offers more than 100 undergraduate majors and graduate degrees [20] . Deans of the individual UF Colleges (e.g. College of the Arts, College of Medicine) were contacted by email inquiring about their willingness to participate. If they agreed, an email was sent via the individual college listserv to all enrolled students with an explanation of the research and a link to the REDCap survey. The emailed survey was distributed and remained active from March-May 2018. The University of Florida's (UF) Institutional Review Board approved the study under Exempt Category Guidelines Survey questions included demographic information and questions about vaccination history, preference for vaccine type, knowledge of influenza vaccines, reasons for accepting or refusing vaccine, perceived barriers to vaccination, and preference for receiving vaccine information and education. Questions and response options were selected from previous research, and a previously piloted iteration of this survey. The REDCap format allowed for online administration with radio-dial response options, making completion time only a few minutes.
For inclusion in analysis we required students provided a response to gender, age, their enrolled college and class standing. Primary questions of interest which we required responses to were: history of flu vaccine receipt and past contraction of influenza, vaccination status for 2017-18 academic year, whether or not vaccine history influenced their current decision to vaccinate or not, preference between IIV and LAIV and lastly, a response to all 11 knowledge assessment questions. Missingness was otherwise permitted and considered a non-positive response grouped with 'no' or 'did not select', as students were permitted to skip questions.
Descriptive statistics (frequencies, percentages) were used for demographics and key outcomes; analyses were conducted using SAS 9.4. Knowledge differences regarding influenza vaccine were assessed between groups via Chi-Square testing, with α ¼ 0.05 as the predetermined level of significance.
Results
There were a total of 1,122 responses representing about 2% of the student population (34,554 undergraduate, 17,813 graduate) with a median age of 22, and mean age of 25. The approximate number of students in the 14 colleges that would have been reached by the emails sent out via the listservs is 48,984 representing about 93.5% of the student population. Among the 1,039 who met inclusion criteria, the characteristics of those who responded sufficiently to the survey did not differ substantially from the overall survey respondent characteristic distributions ( Table 1 ). The majority were female (80.0%), Non-Hispanic White (69.7%) and U.S. citizens (94.2%). Compared to the overall demographics at UF, more of the survey respondents were female, white and U.S. citizens.
Fifty-five percent of students from the 14 colleges indicated that their area of study was health-related: Agricultural and Life Sciences (33.7%, including dietetics, food science, animal and nutritional sciences) and Public Health and Health Professions (PHHP) (16.4%, including health science, public health, clinical and health psychology, occupational and physical therapy, and biostatistics). Graduate students represented almost half of the sample (46.3%), representing about one third of the student body (Table 1) . Among graduate students 63% were in healthrelated fields, and 49% of undergraduates reported their area of study was health-related.
Influenza vaccination and medical decision making
Overall, self-reported vaccination was 62.8% yet uptake varied by college, ranging from 0.0% in business administration to 37.0% from the College of Arts, 65.8% of Liberal Arts and Sciences, and 75.9% in PHHP students. All but one respondent from the Colleges of Medicine, Nursing and Pharmacy were vaccinated and there were three times as many students in PHHP vaccinated than unvaccinated. UF requires influenza vaccination for all programs of study where students come in direct contact with patients or school-aged children. Additionally, students participating in volunteer programs with direct patient contact would also be required to receive a vaccination. This includes but is not limited to the colleges of medicine, nursing, and pharmacy. Of the students who identified their field of study as being health-related, 76.0% were vaccinated compared to 62.8% overall. Among those students in healthrelated studies who were vaccinated, 77.8% reported that it was required they receive the vaccination. In the nonhealth-related fields, only about half the students (46.9%) were vaccinated (Table 1) . Class year for undergraduates did not affect vaccination status. However, graduate students had higher vaccination uptake (72.1%) compared to undergraduates (54.7%).
Among undergraduates, 56.5% relied on their parents or close family members for medical decision-making; 35.8% relied on their medical provider. Among unvaccinated undergraduates 58.9% would rely on advice from parents or close family members for medical decisions. Among graduate students, far fewer relied on their parents or family members for medical advice (22.8%), and the majority would rely on a medical provider (66.5%). Only 67.4% of undergraduate students routinely made their own medical appointments whereas 87.5% of the graduate students routinely made their own appointments.
Vaccination history and influences to vaccinate
Over half the students (59.3%) answered Yes to "Have you ever had the Flu?" ( Table 2 ). The majority had received an influenza vaccine at some time in the past (82.4%), and among those, only 49.0% indicated they received influenza vaccines routinely growing up. The influence of lifetime receipt of vaccine was split: 48.9% said that having received (or not received) influenza vaccines influenced their decision regarding vaccination now. Only 41.0% said their parents received influenza vaccine.
The greatest influences indicated by those who were vaccinated implied an understanding and knowledge about influenza vaccines: Most had a past history of influenza vaccination (86.5%); most believed that vaccination is the best way to protect themselves and others (91.3%); and most cited they had been taught about flu vaccine, how it works, and its importance (87.9%). Other reasons reported by the majority of vaccine recipients included its recommendation by a health professional (67.6%) and that it was required (57.7%). Of all influences offered, the fewest (20.0%) indicated that incentives influenced their decision to be vaccinated.
Among vaccine recipients, most (77.0%) received the vaccine early in the season yet 8.6% received it late in the season after hearing of the flu's severity, and 14.4% indicated the timing was simply a matter of convenience. Students were vaccinated at UF clinics (47.7%) and pharmacy settings (24.3%) most frequently, but other settings included private clinic/physician's office, health department and urgent care clinics.
The most commonly cited reasons for not getting vaccinated included "Getting an influenza vaccine has never been a priority for me" (77.0%) and "It is inconvenient for me to take the time and/or go out of my was to get the vaccine (61.2%) ( Table 2) . Also, 38.2% of the unvaccinated believed that flu vaccines are ineffective and 31.5% did not believe that flu is severe enough to need to receive a vaccine. Over half (55.0%) said they just did not want an influenza vaccine and 42.6% believed their natural immune system offered sufficient protection from the flu. Demographic Distributions presented within Columns (Overall, and Among the Vaccinated and Unvaccinated); Vaccine Uptake/Rates are Row Percentages. 1 Two students preferred not to answer regarding citizenship. 2 Six students did not indicate of their field of study was health-sciences related, and were grouped with those who were not.
Sixty seven percent of respondents indicated they intended to get an influenza vaccination for next season, mirroring the 62.8% that reported vaccination this season. Thirteen percent of those who intend to get vaccinated next fall were not vaccinated this season. A few who received a vaccination this year did not intend to vaccinate next year (6.9%).
Knowledge of influenza
Overall, the student population was knowledgeable about influenza illness, vaccines and understood the concept of herd immunity ( Table 3 ). The majority (92.8%) of respondents knew that all persons 6 months and older should get vaccinated annually, that complications from flu can lead to time away from work, school, hospitalization and even death (97.3%) and that healthy young people can die from influenza (93.8%). In addition, most (87.3%) understood that getting an influenza vaccine helped protect others from getting the flu, and that there are vulnerable populations who cannot receive influenza vaccination that would benefit if they get vaccinated (95.6%). Most students correctly answered 'False' to the statements describing common misconceptions: "The influenza vaccine is only minimally effective and thus not necessary if you are young and healthy" and "if I already got the flu there is no point in getting the influenza vaccine anymore" (89.0%, 91.8%).
However, there were some gaps in general knowledge. Surprisingly, 26.2% of the respondents still believed that you can "get the flu" from the vaccine, and a similar number (21.7%) did not know that getting an influenza vaccine reduces the severity and duration of influenza if they were to catch a strain not covered in the vaccine. Knowledge of IIV was better than for LAIV -86.7% knew that the shot contains inactivated virus while only 59.3% knew that the intranasal spray contained liveattenuated virus.
The knowledge gaps were largest when comparing vaccinated to unvaccinated students. Unvaccinated students had fewer correct responses to all 11 knowledge-based questions with statistically significant differences on 10 of 11 of the knowledge questions. Graduate students were generally more knowledgeable about influenza than undergraduates with statistically significant differences in the proportion of correct responses observed in about half of the questions. Undergraduate students were less knowledgeable about both IIV and LAIV. More unvaccinated students (41.7%) believed you can get the flu from the vaccine.
Vaccine preferences
Among those who had ever been vaccinated (82.4%), 76.9% indicated they had only received IIV, with few (0.7%) receiving only LAIV and 22.3% receiving either IIV or LAIV on separate occasions ( Table 2) .
Among all surveyed, 72.7% indicated a preference for IIV over LAIV. Reasons for choosing IIV or LAIV are listed in Table 4 . Among those who would choose IIV, 69.5% cited that they had always received IIV, 55.5% believed it provided better immunity and 52.7% were not familiar with LAIV. Reasons for LAIV preference were predominantly a dislike of needles (69.9%) but also the belief that it provides better immunity (21.9%). Of the students who prefer neither vaccine form (indicating they would opt not to vaccinate regardless of administration method), 50.0% said they had never been vaccinated, 76.1% said they would make this choice regardless of administration method and 79.1% said they felt they were making an informed decision (Table 4 ). Among those who indicated they prefer LAIV or Neither administration method (n ¼ 284), when asked if a dislike of needles was among the reasons, the proportion who indicated YES was nearly identical between vaccinated and unvaccinated students (58% and 59% respectively). Students who preferred IIV (n ¼ 755) were not asked if a dislike of needles was a contributing factor in their preference of vaccine administration. 
Education material preferences
Receiving information about influenza from a healthcare provider was the preferred source among all groups (34.6%) ( Table 5 ). The next most popular sources were informational content received via university email and campus-wide educational events followed by online resources. Among those who selected they preferred their health care provider as first choice (n ¼ 360), the top 3 next choice options to receive information included online resources (33.3%), campus-wide educational events (23.3%), and informational content via university email (20.6%) (data not shown). The unvaccinated and graduate students had a slight preference for online resources/emails over campus-wide events, yet overall, one in five (19.3%) did not wish to receive additional information about influenza vaccination.
Discussion
Increasing university-wide influenza vaccination requires coordinated and targeted public health interventions. This study provides relevant and actionable information regarding campus-wide differences in influenza vaccine knowledge levels between vaccinated and unvaccinated students, preferences for IIV or LAIV, differences in vaccine receipt between graduate and undergraduates, and preferences for vaccine education. This study also provides evidence that targeted messages within campus populations will be necessary and that a "one size fits all" approach will not be effective. Importantly, students in this cohort are receptive to influenza vaccination with higher vaccination rates than reported in other studies [4, 5, 6] . It is notable that of the students surveyed at this single yet diverse public university, 62% reported vaccination during the current season and a similar two-thirds indicated they Presented: % answered correctly within column group. planned to be vaccinated in the upcoming season. The higher vaccination rates at this university may reflect the vaccine requirement in health-related fields, the strong support of influenza vaccination by the university student health center as well as a strong local school-located influenza vaccination program. Graduate students may be more aware of these community programs because they have lived in the community longer and possibly have their own children enrolled in school, which could partially explain their higher vaccination rates. Aside from emergencies during outbreaks, students will need to choose into vaccination, and this study clarifies how understanding decision-making skills, barriers and facilitators to vaccination and information delivery could be incorporated into any campus promotional vaccination campaign. Choosing an influenza vaccination may represent a younger students' first independent medical decision making opportunity and little evidence exists about how young adults develop into medical decision-makers. Most data come from studies of adolescents with chronic diseases and their transition to adult care [21, 22, 23] .
Themes of anxiety about moving to unfamiliar environments, changing important medical professional relationships and fear of making the wrong medical decisions have surfaced in these studies [24] . Graduate students, naturally older than the undergraduates, had significantly higher vaccination rates, had a higher frequency of making their own medical appointments and relied less on parents for medical decision making. This likely reflects their increased comfort with navigating the medical arena independently, more experience with making their own medical decisions and also may reflect an emerging independent interest in their own personal health. This study identifies an opportunity to create messaging and education focused on developing decision-making skills of younger undergraduate students.
Decision-making requires accurate knowledge, which varied greatly in this cohort, Unvaccinated students were significantly less knowledgeable about influenza, vaccine recommendations and effectiveness than vaccinated students and graduate students were significantly more knowledgeable than undergraduates. More graduate students were in health-related fields which could explain the difference in knowledge. Surprisingly, a quarter (26.2%) overall still believed that you can "get the flu" from the influenza vaccine, with unvaccinated respondents nearly twice as likely to believe this. Education campaigns will need to directly address these myths and will need to target their efforts to the unvaccinated and undergraduate students especially those in nonhealth-related fields.
In addition to decision-making and knowledge, understanding barriers or hesitancy to vaccination provides further educational opportunities. For example, the relative lack of students' knowledge about LAIV possibly explains their higher preference for IIV. With a significant proportion of students preferring LAIV simply because of needle-aversion, choice in vaccine type may be important. The relative efficacy of LAIV and IIV appear to vary depending on the specific population studied, the type of study, and the degree of match to the circulating strains. LAIV was found to be more effective than IIV in children 6 months to 17 years with no decline in efficacy with increasing age [25, 26] . Most comparative studies in individuals 18-49 years of age have demonstrated that LAIV and IIV were similarly effective or that IIV was more effective [27, 28, 29, 30] . In US military studies, LAIV was more protective than IIV in new recruits of all ages, as effective in older non-recruits but less effective in younger non-recruits [31, 32] . Studies have not looked at the comparative effectiveness of LAIV and IIV specifically in the university age group. The immune response to influenza in these young adults might more closely mimic the response in older teens (15) (16) (17) year olds) than in somewhat older adults (ie. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] year olds) and thus represent a "bridge" population between older and younger individuals. Additional studies will be needed to clarify this. The first priority should be to vaccinate as many individuals as possible with safe, available and approved vaccines. Increased awareness and education around vaccine options could lead to improved vaccination rates by having a choice Did not require non-missingness, as they were only able to select one for First-Second-Third out of the full list of options.
between a needle and a nasal mist. Other significant barriers to vaccination included that vaccination was not a priority, it was inconvenient and respondents simply not wanting to be vaccinated. Having vaccine clinics in convenient, high traffic areas of campus, in dormitories, dining halls and at student unions after classes could increase access to vaccination. Nearly half of students who were vaccinated got their vaccine on campus and, over one quarter of the vaccinated received them at local pharmacies, emphasizing the need for robust on campus events and campus pharmacies to stock and promote vaccination. All of these barriers provide opportunity for educational initiatives. This study did not assess the barrier of cost. The justification for this conscious decision not to address the issue of cost is that all UF students are required to have health insurance either through their parents or a university plan, and a flu vaccination would be covered at no cost to the student. Flu vaccines are offered at multiple times and locations on campus to address access. However, cost should not be negated as a potential barrier to vaccine receipt on other university campuses.
There were also facilitators that could be maximized when planning campus vaccination campaigns. Students who choose vaccination for themselves overwhelmingly cited that vaccination satisfied a desire to protect themselves and others, required knowledge of flu vaccines and their importance, and relied on a history of being vaccinated. Additionally, a large majority stated that they got vaccinated because it was recommended by a professional.
Surprisingly, incentives (e.g. T shirts, food, coupons) were not a significant motivator in this student cohort. While incentives might energize the hesitant student or those that are unmotivated, they should not be overemphasized in vaccine campaigns. Those that got vaccinated were motivated by community-level benefits and a sense of altruism that should be promoted similar to older, successful campaigns like "Get yourself tested" that expand by a sense of duty to others.
Information delivery about influenza vaccination, the final piece needed for a vaccination campaign, showed uniformity between vaccinated, unvaccinated, graduate and undergraduate students. All groups primarily prefer to receive information from healthcare professionals. However, this choice hinges on students physically going to the doctor and seeking out information. With only 67% of undergraduates and 61% among the unvaccinated undergraduates making their own medical appointments, this may not be sufficient. Students cited emails, campuswide educational events and online resources as preferential strategies for receiving information. Novel or hybrid methods such as campus-wide events and university emails that highlight the recommendations from healthcare providers, or infographics which encompass knowledge about the vaccine and links to other online resources may provide the broadest reach to all students, potentially translating to increased vaccination. This merits future study.
Limitations of this study deserve mention. This survey was performed only at a single, albeit large public university with a diverse student population from states all across the U.S. Additionally, students anonymously self-reported their vaccination status precluding any verification by health records. Due to the nature of this voluntary survey, the risk of ascertainment bias exists; the population who replied represent those who may be more inclined to vaccinate than the general college-age population as many were in health-related fields of study. Finally, the population surveyed included both graduate and undergraduate students and represents an older population than most college-based studies.
A sample of about 1,000 provides precise estimates, with a small margin of error, though generalizability is a function of those who responded. Our sample was comprised of both graduate and undergraduate students, was skewed toward females, and predominantly white. Results may not be generalizable to all university student populations.
Given the findings of this study where younger and less knowledgeable populations are less likely to choose influenza vaccination, universities need to plan for targeted campaigns surrounding annual influenza vaccination using knowledge of the developing skills of decision-making, barriers and facilitators and information delivery. We believe that policies such as health students being required to receive vaccination are significant and that other groups need targeted interventions to persuade vaccine-hesitant populations to receive either LAIV or IIV vaccination. In conclusion, this survey encourages future cross-university interventional studies aimed at increasing accurate knowledge about influenza vaccination and provides evidence towards the scaffolding for the development of personal decision making in the emerging adult population.
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